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摘  要 
铜合金因具有优异的导电导热性能和耐磨蚀性能以及良好的塑性和加工性
能，故被广泛应用于汽车、电力和家用电器等领域。目前，工业的快速发展刺激
了国内高性能铜合金产品的消费需求。因而，开展高性能铜合金的研究对我国铜
合金行业的发展有重要的意义。作为材料设计的基础，相图在铜基合金的研发与
设计方面发挥着重要的作用。因此，开展铜基三元系合金相图的实验测定与热力
学计算，完善铜基合金的热力学数据库，可以为高性能铜合金的研究与开发提供
重要的理论依据。本研究通过实验和热力学计算相结合的方法研究了部分Cu基
三元系合金的相平衡，具体研究内容如下： 
(1) 采用合金法和电子探针成分分析等技术，实验测定了 Cu-Nb-Zr 三元系
在 900°C、1000°C 和 1100°C 的等温截面相图。根据测定的实验数据，结合文献
报道的相关二元系的参数，利用 CALPHAD 方法，对 Cu-Nb-Zr 三元系相图进行
了热力学优化与计算，计算结果与实验数据取得良好的一致性。计算结果表明，
在 Cu-Nb-Zr 三元系相图中存在稳定的液相两相分离。 
(2) 结合相关二元系的热力学参数和三元系的相平衡信息，对部分重要的 Cu
基三元系 Cu-Co-W、Cu-Cr-Ta、Cu-Sn-Sb、Cu-Zr-Si 的相图进行了热力学优化与
计算，并研究了 Cu-Co-W、Cu-Cr-Ta 三元系中的液相溶解度间隙的影响。计算
结果与实验数据吻合较好，进一步完善了铜基合金的热力学数据库。 
(3) 结合相关二元系的热力学参数和三元系的相平衡信息，对 Cu 基合金热
力学数据库中的重要组成元素所构成的 Fe-Nb-Si、Ni-Ti-Si 各三元系的相图进行
了热力学优化与计算，计算结果较好地吻合了实验数据。 
 
关键词：铜基合金；CALPHAD；相图；热力学 
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Abstract 
Copper-based alloys have the advantages of high strength and high conductivity, 
good plastotype, corrosion resistance and processability, which are widely ued in the 
areas of the automobile industry, electricity and household appliances et al. At present, 
the fast development of industry stimulates the domestic consumer demand of the 
Copper-based alloys. Therefore, conducting the research of the Copper-based alloys is 
very significant for the development of the area of the Copper-based alloys. As the 
method guide of the material design, phase diagram plays a significant role on the 
research and design of Copper-based alloys. Thus, researching about experimental 
determination and thermodynamic assessment, completing the thermodynamic 
database can provide an important method guide for the research of the Copper-based 
alloys. 
The present work experimentally detemined and the thermodynamic calculated 
the phase equilibria of the Cu-based ternary system. Major contents are as listed 
below: 
 (1) The phase equilibria of the Cu-Nb-Zr ternary system at 900°C、1000°C and 
1100°C are experimentally determined. Based on the experimental data obtained in 
this work and previous studies in the literature, the thermodynamic assessments on the 
phase equilibria of the Cu-Nb-Zr ternary system are optimized using the CALPHAD 
method. A good agreement is obtained between the calculated results and the 
experimental data. The calculated results show that the stable liquidus separation 
exists in the Cu-Nb-Zr ternary system. 
(2) On the basis of experimental data in the previous reports as well as 
experimental results from our resrarch group, the phase equilibria of the Cu-Co-W、
Cu-Cr-Ta、Cu-Sn-Sb and Cu-Zr-Si ternary systems of part impotant Cu-based alloys 
are calculated and optimized. The calculated results concide with the experimental 
data, which further completes the thermodynamic database of the Copper-based 
alloys. 
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(3) On the basis of experimental data in the previous reports as well as resrarchs 
from our group, we calculate and optimize the phase equilibria of Fe-Nb-Si、Ni-Ti- Si 
ternary systems, which are the important component elements of the Cu-based alloys. 
The obtained results agree well with the experimental data, which offers basic 
thermodynamic parameters for the thermodynamic database of the Copper-based 
alloys. 
 
Keywords: Cu-based alloys; CALPHAD; Phase diagram; Thermodynamic 
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